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A study was undertaken to formulate sustained release tablets by utilizing the bi-layer concept.
The formulation contained a fast release layer and a sustaining layer. Ethylcellulose and rosin were
used as the matrix forming materials. Matrix tablets of diltiazem hydrochloride were formulated
using ethylcellulose or rosin as matrix materials in various quantities (%w/w) to study their ability
to retard the release and were evaluated for hardness, friability and drug release. In vitro
release from the formulation was studied as per the USP XXIIl dissolution procedure. The formu-
lations gave an initial burst effect followed by sustained release for 12 h which indicates bimodal
release of diltiazem HCI from the matrix tablets. The data obtained were fitted into Higuchi’s mod-
els. Analysis of n values of Korsmeyer equation indicated that the drug release involved both

diffusional and dissolutional mechanisms.

Diltiazem hydrochloride, an orally active calcium chan-
ne! blocking agent, is used in the treatment of angina pecto-
ris, hypertension and arrhythmia'2. It is highly water soluble
drug, and is rapidly and almost completely (60-70%) ab-
sorbed from GIT, following oral administration, but under-
goes extensive hepatic metabolism. The biological half-life
of the drug is 3.5£1.2 h3. It is typically administered three or
four times daily, in the form of conventional tablets. Thus
frequent administration leads to a constant change in the
blood concentration. To overcome the frequent administra-
tion and to minimize the peak-to-trough oscillation of the
blood concentration, sustained release formulations are
developed.

Multilayered tablet concept has long been utilized to
develop sustained release formulation. Such a tablet has a
fast releasing layer and may contain one (bi-layered) or two
(triple) layers, to sustain the drug release*. The pharmaco-
kinetic advantage relies on the criterion that, drug release
from the fast releasing layer leads to a sudden rise in the
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blood concentration. However the blood level is maintained
at steady state, as the drug is released from the sustaining
layer.

Rosin is an oleoresin residue left after distilling the vola-
tile oil from various species of pinus (Fam: Pinaceae). The
principle constituent of rosin is abietic acid. Rosin used in
pharmacy occurs as sharply angular, amber coloured glassy
materials. Rosin derivatives and modified rosin have been
utilized as anhydrous binding agents®. Matrix tablets of
diabietic acid, a derivative of abietic acid, extracted from
rosin were studied as retardant material” and it was con-
cluded as matrix material for prolong release formulations
of water soluble drugs. Maleic adducts of rosin has been
successfully tested as matrix oral sustained release formu-
lations®. The present study aims at formutating bi-layered
tablets of diltiazem hydrochloride, with a fast release layer
and a sustaining layer. The study involves utilization of rosin
and ethylcellulose as insoluble matrix materials in sustain-
ing layer.

MATERIALS AND METHODS

Diltiazem hydrochloride was obtained as a gift sample

Indian Journa! of Pharmaceutical Sciences 433



from Sain Medicaments, Hyderabad. Ethylcellulose (15 cen-
tipoise) was procured from Robert Johnson, Germany. Rosin
was locally procured. Starch was obtained from Meghana
Products, Mumbai. Talc was procured from Swastik Phar-
maceuticals, Mumbai. Magnesium stearate was procured
from Nice Chemicals, Nagpur. Lactose IP was procured from
Genuine Chemicals, Mumbai. All the materials were used
as received. Rosin is a water insoluble resin. But it is soluble
in organic solvents such as acetone and chloroform. Rosin
gives emerald green florescence on shaking with light pe-
troleum ether and then treating this layer with dilute copper
acetate solution®. The acid value of rosin was determined
using the method reported in IP (1995)°.

Preparation of matrix tablets:

The matrix tablets were prepared by wet granulation.
The drug, polymers and other excipients used were passed
through sieve No. 80 before their use in the formulation. The
layer with sustaining dose was formulated with various
amounts of polymer. The dose in the formulation for fast re-
lease was 30 mg. The maintenance dose or sustaining dose

of diltiazem hydrochloride was calculated as per reported

method'®,

Formulation of fast release layer:

The fast release layer was formulated by mixing
diltiazem hydrochloride, uniformly with starch and lactose
by following the formulae as per Table 1. Granulation was
carried out by wet granulation method by adding sufficient
quantity of alcohol. The granules were mixed with talcd and
magnesium stearate.

Formulation of sustaining layer:

Granules for sustaining layer were prepared by mixing
maintenance dose of diltiazem hydrochloride, with matrix
materials'! (ethylcellulose or rosin), following the formulae
given in Table 2. The powders were granulated using suffi-
cient quantity of acetone till a wet mass was formed. The
cohesive mass obtained was passed through sieve no.16
and the granules were air dried at room temperature for 6 h.
The dried granules were again sieved by passing through
sieve No.22. The granules were mixed with talc and magne-
sium stearate. The required amount of granules for fast re-
lease layer was compressed lightly using a single station
tabletting machine (Cadmach Machinery Co. Pvt. Ltd.,

Mumbai) using 8 mm round and flat punches. Over this com-~

pressed layer, required quantity of the granules prepared
for sustaining layer was placed and compressed with maxi-
mum force to form a bi-layered tablet.
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Evaluation of the formulation:

Flow properties of the prepared granules were evalu-
ated. Other properties of the granules evaluated were bulk
density, true density, apparent density, and porosity using
standard reported methods'2. Hardness and friability of the
tablets formulated were evaluated using a Monsanto hard-
ness tester and a Roche friabilater, respectively.

Drug content:

The prepared tablets were analyzed for diltiazem hy-
drochloride content. Tablets were crushed into a fine pow-
der and diltiazem hydrochloride was extracted into water by
shaking the crushed powder with water mechanically for 2
h. The supernatant liquid was filtered, diluted suitably and
estimated in a double beam UV-spectrophotometer (UV-240,
Shimadzu, Japan) at Amax 237 nm.

In vitro drug release study':

Release of diltiazem was determined using a six panel,
USP XXIIl dissolution apparatus-2 (Tab Machines, Mumbai)
at 100 rpm. The dissolution was studied using 900 mi{ of
phosphate buffer saline (pH 7.4). The temperature was main-
tained at 37+2° Samples of 5 ml each were withdrawn at
appropriate time intervals throughout the dissolution study
of 12 h for analysis. Each sample withdrawn was replaced
with an equal amount of fresh dissolution medium. Samples
were suitably diluted and analysed for diltiazem hydrochlo-
ride content using a double beam UV-spectrophotometer
(UV-240, Shimadzu, Japan) at Amax 237 nm.

The rate and the mechanism of release of diltiazem
hydrochloride from the prepared matrix tablets were
analysed by fitting the dissolution data into', zero-order
equation, Q=Q -k t (1), where Q is the amount of drug re-
leased at time t, and k, is the release rate. first order equa-
tion, Ln Q=Ln Q_- kt (2), where k, is the release rate con-
stant and Higuchi’s equation, Q=k, t* (3), where Q is the
amount of drug released at time t and k, is the diffusion rate
constant. The dissolution data was further analyzed to de-
fine the mechanism of release by applying the dissolution
data following the empirical equation, M/Ma=Kt" (4), where
M/Ma is the fraction of drug released at time t. K is.a con-
stant and n characterizes the mechanism of drug release
from the formulations during dissolution process.

RESULTS AND DISCUSSION

Over the last few years a large number of naturally ob-
tained gums were evaluated as release retardants. Since
they are of natural origin they are non-toxic, biocompatible
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and cheaper. Rosin, a naturally obtained insoluble resin
along with ethylcellulose, which is a hydrophobic matrix form-
ing material with proven ability to retard the drug release
were utilized in this study. Rosin when powdered was of yel-
lowish colour. The particles were of irregular shape when
examined under compound microscope. Formation of em-
erald green florescence with petroleum ether layer confirms
the sample is of rosin. The emerald green colour is due to
formation of copper salt of abietic acid. The acid value of
rosin was determined as 162+1.2 as against a standard value
of 150-180°.

The prepared granules were evaluated for various
physical properties as reported earlier. The bulk densities
for the granules of various formulations ranged between
0.91+0.13 g/cc to 2.11+0.54 g/cc as determined by tap
method. This value of bulk density indicates of good pack-
ing character. The compressibility index (I) for all the formu-
lations was found to be below 15%, indicating desirable flow
properties, as the ‘I’ value below 15% indicates good flow
properties. The flow property of granules was further
analysed by determining static angle of repose. The angle
of repose values for all the granules ranged between
24.3+0.92°to 30.1+2.78° This value indicates good flow
property of the granules with ethylcellulose or rosin as ma-
trix material, since lower the angle of repose, better is the
flowability.

The composition of immediate release layer of matrix
tablet as shown in Table 1 is constant for all the formula-
tions. However the composition of sustaining layer (Table 2)
differs only in drug to matrix material (rosin or ethylcellulose)
ratio. The matrix tablets were of round shape and flat with a
diameter of 8 mm. The hardness of tablets ranged from 4-
5.5 kg/cm? The percentage friability of all the formulations
was between 0.83+0.12 % to 1.32+0.19 %. The values of

hardness test and percent friability indicate good handling
property of the prepared bi-layered tablets. The drug con-
tent of the formulations was uniform (>95 %) in all the cases.

The release of diltiazem hydrochloride from the pre-
pared formulations was analysed by plotting the cumulative
percent drug released vs time (h) as shown in fig. 1. Simple
visual observation of the plot shows an initial burst effect.
From all formulations, over 30% of the diltiazem HCI was
released within the first hour of dissolution study. This initial
high amount of diltiazem HCI release can be attributed to
release of drug from immediate release layer of the formu-
lations. However, further release of diltiazem hydrochloride
from the formulations was sustained for 12 h. The initial re-
lease of diltiazem HCI with MT1 (44.7£2.23 %) and MT4
{(52.7+3.51 %) was very high compared to other formula-
tions. This high percent release is due to diltiazem HCI

TABLE 1: FAST RELEASE LAYER OF THE FORMU-

LATION
Ingredients Quantity for single
Tablet (% w/w)
Diltiazem hydrochloride 41
Starch powder 28
Lactose I.P 28
Talc powder 1
Magnesium stearate 2

The fast release layer was prepared by mixing diltiazem
hydrochloride, starch and lactose uniformly. The powder was
granulated by adding alcohol drop wise. The granules pre-
pared were air dried and mixed with talc and magnesium
stearate.

TABLE 2: SUSTAINING LAYER OF THE FORMULATION

Ingredients (% w/w) MT-1 MT-2 MT-3 _MT-4 MT-5 MT-6
Diltiazem HCI 63.64 48.63 38.73 63.64 48.63 38.73
Ethylcellulose 32.58 48.63 57.52 -~ -- .-
Rosin -- - -- 32.58 48.63 57.52
Tale 1 1 1 1 1 1
Magnesium stearate 2 2 2 2 2 2

The sustaining layer was prepared by mixing Diltiazem hydrochloride and the polymer in different amounts uniformly. The
powder was granulated by adding acetone drop wise. The granules prepared were air dried and mixed with talc and magne-

sium stearate.
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TABLE 3: ANALYSIS OF RELEASE MECHANISM OF DILTIAZEM HCL

Formulation Zero order First order Higuchi Eqn. (r?) n value
MT1 0.7091 0.7690 0.9023 0.6261
MT2 0.8109 0.7995 0.9271 06192
MT3 0.8277 0.7862 0.8624 0.6158
MT4 0.8269 0.6774 0.981 0.6265
MT5 0.9487 0.861 0.9912 0.631
MT8é 0.8832 0.7973 0.8916 0.6063

The dissolution data was fitted into zero order equation (1), first order equation (2), Higuchi model (3) and Korsmeyer model

(4).

release from immediate release layer and also release of
drug from the surface of sustaining layer of the tablet. How-
ever at the end of 12 h dissolution study, the cumulative
percent release of diltiazem HCI was 85.8+3.30 (MT1) and
86.2+4.67 (MT4). Although there is a difference with cumu-

Curnulative percent drug released

0 2 4 6 8 10 12
Tirae (b}

Fig. 1: Diltiazem HCl release profile from the matrix tab-
lets.

In vitro drug release study was carried out according to
USP XXIil, using apparatus-2, at 100 rpm on matrix tab-

lets MT1(-A-), MT2(-9-), MT3(-A-), MT4(-x-), MT5(-%-), and _

MT6(-O-) using PBS (pH 7.4) as the dissolution medium.
Samples drawn at regular intervals were analyzed for
the drug content using double beam UV spectrophotom-
eter at 237nm.
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lative percent drug released within the first hour of dissolu-
tion test, at the end of 12 h dissolution test the difference in
drug release was negligible. The order of formulations ac-
cording to diltiazem HCI release is MT4>MT1>MT5>MT2>
MT3>MT6. The release of dilatiazem HCI from the matrix
material (rosin or ethylcellulose) decreases with increase in
the matrix content. Hence by changing the content of matrix
material desired release rate can be obtained.

The experimentally measured amount of drug released
was plotted vs square root of time. In every case, the re-
lease of drug from the matrix tablets follows a pattern clearly
in accordance with t* model of Higuchi's. The analysis of the
regression value (Table 3) indicated that mechanism of drug
release was primarily by diffusion. Values of n of the empiri-
cal equation {4) for all the formulations (>0.43<0.89) shows
a combination of diffusional and dissolutional release mecha-
nism'é, indicating the drug release from the formulations is
controlled by more than one process.
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